An unacceptable degree of porosity was identified in several closure welds on stainless steel containers for plutonium-bearing materials. The pores developed in the weld tie-in region due to gas trapped by the weld pool during the closure process. This paper describes the efforts to trace the root cause of the porosity to the geometric conditions of the weld joint and establish corrective actions to minimize such porosity.
Introduction
One of the current priorities within the U.S. Department of Energy (DOE) complex is the stabilization, packaging, and storage of plutonium-bearing materials. The packaging is key to the safe longterm handling and storage of these materials. Packaging consists of placing the stabilized plutoniumbearing materials into a set of two nested stainless steel containers. The filled and sealed inner container (secondary barrier) is placed into an outer container that is designated as the primary barrier against release to the environment. Together, the inner and outer containers provide the required double containment (Fig. 1) The outer container is fabricated from type 316L stainless steel. The lid, when inserted into the outer container, creates an interference fit that forms a square-groove corner joint that is subsequently sealed by depositing a full-penetration, autogenous, gas tungsten arc weld (GTAW) (Fig. 2) . The GTAW closure-welding system was developed and qualified before being used for production packaging of plutonium-bearing materials. The closure welding system and qualification efforts are described in Ref 1 and 2.
The outer container and closure weld were intended to comply, to the extent feasible, with the rules for design, fabrication, and examination designated by the ASME Section VIII code. Post closure-weld hydrostatic testing is not practicable
Fig. 1 3013 outer container (left) and inner container for handling and storage of plutonium-bearing materials

Fig. 2 Full-penetration autogenous gas tungsten arc weld (GTAW) joint
due to the container contents and the lack of a canister wall penetration. In an effort to establish an equivalent level of weld quality, sensitive leak testing of each production closure was required.
Further, a periodic (1 in 25 production closures) radiographic and metallographic examination of test containers (production outer containers with nonradioactive surrogate materials in the inner container) was also specified. During production operations, volumetric examination of the periodic test welds identified a trend in which porosity (typically a single pore) occasionally formed at the weld tie-in (the point where the leading edge of the advancing weld puddle intercepts the weld start region). A limited number of these pores failed to meet specified acceptance criteria because the pore diameter exceeded a specified maximum diameter limit. The pores in the weld tie-in region ranged in size up tõ 1.1 mm (0.045 in.) diameter. This paper describes an investigation into the cause (and ultimately the prevention) of the intermittent appearance of unacceptable porosity in GTAW closure welds on the outer containers.
Evaluation
Gas tungsten arc welds can exhibit porosity for a number of reasons. The literature [3] identifies several potential causes and outlines the various conditions under which porosity can form in GTAWs. The causes outlined in Ref 3 are summarized in Table 1 , along with two additional causes based on processspecific conditions. The porosity incidence rate observed in the production test welds was inconsistent with the relative absence of porosity in the development and qualification welds. Thus, the initial inquiries into the cause of weld porosity focused on process control. Two process differences between the production and development welds were noted:
• The outer container test welds (welds intended for evaluation by radiography [RT] and metallography) used a surrogate inner container fabricated from carbon steel pipe and aluminum bar (CS/Al) (Fig. 3) . The development welds used a stainless steel (SS) surrogate.
• The outer containers, lids, and inner containers for the production welds were cleaned with Inconsistent bead shape relating to a "wandering" arc Venting gas Elongated/tubular porosity Random distribution of porosity and/or blowout at weld tie-in Weld-joint geometry Porosity located with respect to joint geometry conditions with the potential to "trap" a pocket of gas Use of carbon steel/aluminum Possible contaminant off-gassing (CS/Al) inner container Different internal pressurization rate due to different thermal characteristics
